mortality than those without the conditions after adjusting for sociodemographic factors and health conditions. Comorbidity of depression and anxiety was associated with a 30% increased risk of mortality but the effect sizes varied across countries (Higgins I 2 = 58.8%), with the strongest association in India (HR: 1.99; 95% CI, 1. 21-3.27) .
Conclusions:
Depression and anxiety appear to be associated with mortality in older people living in LMICs. Variation in effect sizes may indicate different barriers to health service access across countries. Future studies may investigate underlying mechanisms and identify potential interventions to reduce the impact of common mental disorders. KEYWORDS anxiety, common mental disorders, depression, epidemiology, mortality 1 | INTRODUCTION Depression and anxiety are common mental disorders in later life. It is estimated that 10% to 20% of older people are affected by depression, which is frequently comorbid with anxiety disorders. [1] [2] [3] [4] These two conditions have been strongly associated with increased risk of disability and mortality in older age. [5] [6] [7] According to the World Health Organisation, depression accounts 5.7% years lived with disability (YLDs) among people aged 60 years or above 8 and these two conditions together contributed to 55% of disability-adjusted life years attributable to mental and substance use disorders. 9 In addition, subthreshold conditions, which are found to be two to three times more prevalent than clinical depression and anxiety, 10, 11 have been suggested to have a comparable impact on increased risk of mortality. 12 The associations between depression, anxiety, and mortality are well-established in the literature, 13 and some possible mechanisms have been linked to changes in health behaviours, neuroendocrine and immune systems, and increased risk of cardiovascular diseases and suicide. [14] [15] [16] However, most existing studies are based on study populations from high-income countries. 7, 13 Although biological mechanisms could be similar across countries, the assessment and diagnosis of mental disorders can be more complicated in low-and middle-income countries (LMICs) due to cultural variation. 17 Stigma of mental illness and limited access to health care in LMICs might affect help-seeking behaviour and lead to poor prognosis of depression and anxiety disorders. [18] [19] [20] Thus, common mental disorders may have different associations with mortality among older people who do not live in high-income settings.
Several studies from LMICs have investigated the association between depression and mortality using patient records or hospital data. 7 Given cultural variation and the complexity of assessment and diagnosis, these results based on highly selected populations might be biased and there is limited evidence from population-based studies. A recent systematic review which focused on depression and mortality in older people identified 10 population-based studies from LMICs. 21 Although the pooled effect size was similar to high-income countries, the high heterogeneity reported in the review might be attributed to variation in diagnostic methods and study design. 21 Furthermore, to our knowledge, no population-based study from LMICs has assessed the association between anxiety disorder, comorbid anxiety and depression, and mortality.
The aim of this study is to investigate the potential impact of depression, anxiety, and mortality using a population-based cohort study of older people across eight LMICs in Latin America and Asia.
The analysis examined individual associations for clinical and subthreshold levels of depression and anxiety as well as comorbidity of these two conditions. Response rates were excellent across all sites (72%-98%). A full follow-up, which also included a mortality sweep to determine vital status, was carried out 3 to 5 years after the baseline and date of death of those deceased were recorded. Informed consent was obtained from all participants. The 10/66 study was approved by local ethical committees and by the King's College London research ethics committee. Full details of the protocol and the cohort are available elsewhere. [22] [23] [24] This study excluded participants from the rural site of India (N = 999), as the follow up was not conducted in this area. This left 15 991 participants from all eight countries. Ethical approval was not required, as this secondary data analysis did not include data on individual patients.
| MATERIALS AND METHODS

| Study design
| Measurements
A full assessment of each participant took place within the household and lasted between 2 and 3 hours. Each standardised assessment was translated, back-translated, and adapted into the different languages of each site. The assessment included a structured interview, an informant interview, and a comprehensive physical examination.
The Geriatric Mental State (GMS) examination and its computerised algorithm Automated Geriatric Examination for Computer Assisted Taxonomy (AGECAT) were administered to participants to assess their mental health states. Anxiety was defined as reaching level 3 in the GMS-AGECAT stage 1 anxiety axis, as this threshold usually reflects a state which would necessitate professional intervention. 4 Levels 1 and 2 are considered as subthreshold cases of anxiety. Depression was determined using EURO-D 25, 26 and ICD-10 criteria generated using specific GMS algorithms, as used in previous research in those settings. 4, 27 Cases of depression were defined as those having ICD-10 depression, whereas subthreshold cases were those having scored 4 or 5 on the EURO-D scale, but not meeting ICD-10 depression criteria.
Procedures to select the optimal cutpoint of 4 or 5 on the EURO-D scale have been reported in the EURO-D validation paper. 25 To increase statistical power, cases and subthreshold cases of anxiety and depression were combined to identify participants with comorbidity of any levels of symptoms and those with depression or anxiety alone.
Other measurements relevant to this study included age, gender, education (none/did not complete primary, completed primary, secondary, tertiary), number of limiting physical impairments (no illnesses, one or two illnesses, three or more), number of assets within the household, food insecurity, and dementia. Dementia was defined as 10/66 dementia diagnosis adjusted for education, and further information on this measure is available elsewhere. 28 
| Statistical analysis
Kaplan-Meier failure curves were conducted to estimate cumulative incidence of mortality by depression, anxiety, and comorbidity of the two conditions, and log-rank test was used to examine differences across these groups. Schoenfeld Residual tests were used to test the proportional hazard assumption. Cox proportional hazard modelling was used to examine the associations between mortality, depression, and anxiety levels and their comorbid conditions. Three types of models were conducted including an unadjusted model (model 1), a model adjusted for age and gender (model 2), and a fully adjusted model for all covariates (model 3). All models were estimated in each country and pooled estimates for the overall 10/66 cohort were calculated using fixed-effect meta-analysis, and reported with a measure of their heterogeneity (Higgins I 2 ). 29 A fixed-effect meta-analysis was considered to be more appropriate than a random-effect meta-analysis, as the aim here was to summarise estimates from all 10/66 sites rather than make inferences to other hypothetical populations. This analytical approach has been widely applied to most studies using the 10/66 cohort. 4, 24 The method of inverse probability weighting was used to account for the 13% lost to follow up (N = 2072). 30 The weights were generated based on all variables in the fully adjusted model (age, gender, education, depressive level, anxiety level, dementia, physical impairment, assets, and food insecurity) and country, which is associated with the probability of lost to follow up and prevalence of depression and anxiety status. These weights were applied to all cox regression models. The total number of missing covariates was small (N = 219) and considered to have a limited impact on estimates. An additional group was generated to include those with missing covariates in the analysis. All analyses were conducted using Stata 15.0. A STROBE checklist is provided in Data S1. Table 1 reports descriptive information on the study population. The mean age was 74.3 years (SD = 7.1) and 63% were women. Over 40% did not have any education or complete primary school. Among 15 991 participants, 16% (N = 2591) were dead at the follow up wave and 13% were lost to follow up. The prevalence of depression was 11.6% (N = 1858) for subthreshold and 5.1% (N = 817) for clinical levels.
| RESULTS
For anxiety, the prevalence was 38.1% (N = 6084) for subthreshold and 5.1% (N = 812) for clinical levels. The comorbidity of any depression and anxiety levels was 14.8% (N = 2366). Only 309 (1.9%) had depression alone, and 4530 (28.3%) had anxiety alone. 
Key points
• A small number of population-based studies have investigated the association between depression and mortality in low-and middle-income countries but few have examined the potential impacts of depression, anxiety, and their comorbidity on mortality in later life.
• Using a population-based cohort study of 15 991 older people from eight low-and middle-income countries, this study reports that depression and anxiety were associated with increased mortality risk in later life and their comorbidity was related to a 30% increased mortality risk.
• The effect sizes were found to vary across countries. This may indicate different barriers to health service access in low-and middle-income countries.
remained to be associated with mortality (HR: 1.45; 95% CI, 1.24-1.70).
For anxiety, both subthreshold (HR: 1.34; 95% CI, 1.23-1.46) and clinical levels (HR: 1.35; 95% CI, 1.12-1.63) were associated with 30% higher risk of mortality and the effect sizes slightly reduced after adjustment.
Apart from clinical depression, the heterogeneity across countries was high with a range of Higgins I 2 between 53% and 56.8%. Note. Low education: None or did not complete primary education.
Abbreviation: IQR, interquartile range. Figure 1 shows Kaplan-Meier failure curves by those with no conditions, depression alone, anxiety alone, and comorbidity of the two conditions. Among the four groups, participants with comorbidity of depression and anxiety had the highest incidence of mortality. The results of Cox regression modelling are reported in Table 3 . Anxiety alone was associated with a 24% higher risk of mortality (HR: 1.24;
95% CI, 1.13-1.37) after adjusting for all covariates. Participants with comorbid depression and anxiety had a 30% higher risk of mortality (HR: 1.29; 95% CI, 1.14-1.47) than those without any depression and anxiety, and the effect sizes varied across countries (Higgns I 2 = 58.8%). More detailed results of fully adjusted models are reported in Tables S1 to S3.
| DISCUSSION
| Main findings
This study investigated the impact of depression and anxiety disorders on mortality risk in older people from eight LMICs. The results suggest that these two common mental disorders, in particular clinical depression and any levels of anxiety disorders, were associated with increased risk of mortality in later life. Comorbidity of depression and anxiety was associated with a 30% higher risk of mortality after adjusting for sociodemographic factors and health conditions. High variation in effect sizes were found across countries.
| Strengths and limitations
This study was based on a population-based cohort recruiting older people from various settings across several LMICs. Structured interviews were conducted to assess depression and anxiety levels in different contexts and this provided comparable information on common mental disorders. The analysis identified those with subthreshold and clinical levels of depression and anxiety and considered severity levels of these common mental disorders. However, there are some limitations. Although the 10/66 study population was selected to be as representative as possible of the general population in each country, it is unlikely to be a nationally representative sample and this might affect generalisability of the results. The study included nearly 16 000 participants, but it was difficult to formally test variations across countries due to limited statistical power. Since most participants with depression (88%) also had anxiety disorders, there was limited statistical power to examine the effect sizes of depression alone.
The attrition rate was considered to be low (13%) in general but varied across sites. In particular, the rural site of India was not included in the follow up surveys. Although inverse probability weighting was used to account for lost to follow up, the results could be underestimated if the associations between depression, anxiety, and mortality were stronger in those who did not attend the follow up waves. Some factors related to physical health and mortality, such as smoking, alcohol consumption, and obesity, were not adjusted in the models and might attenuate the strength of associations between common mental disorders and mortality. However, the measure for limiting physical impairments included a wide range of common health problems, such as arthritis/rheumatism, high blood pressure, and heart trouble/angina, which can be consequences of unhealthy lifestyle.
| Interpretation of results
The results of this study suggest a negative impact of depression and anxiety on mortality in older people living in LMICs. This corresponds to the majority of existing studies in high-income countries and a recent review on LMICs. 21 A meta-analysis on mortality rates in clinical and subthreshold depression has summarised 22 studies and suggested a 60% increased mortality risk for clinical cases and 30%
for subthreshold levels. 12 The review focusing on 10 studies in LMICs also suggested a 60% increased risk of mortality for depression. 21 These effect sizes were slightly stronger than the estimates reported in this study, and the difference could be related to variation in covariate adjustment. The associations between anxiety disorders and mortality seem to be inconclusive and the estimates vary across different systematic reviews. 13, 31 This study found an approximate 25% increased risk of mortality in those with anxiety disorders.
Although variations in research methods and measurements for anxiety disorders can contribute to different findings, the impact of This study suggested that comorbidity of depression and anxiety was associated with even higher risk of mortality than depression or anxiety alone. However, this addictive effect was not found in the Health Study of Nord-Trondelag County (HUNT), a population-based study including over 60 000 adults in Norway. 32 The findings suggest that case-level depression was associated with a 30% increased risk of mortality after adjusting for sociodemographic factors, physical health status, and lifestyle factors. However, the effect size of comorbid case-level anxiety and depression was smaller than depression alone. A possible explanation proposed in the publication was that people with moderate levels of anxiety might have better help-seeking behaviour and adherence to treatment than those with low trait anxiety. This may not be applicable to the settings of our research, where access to services is still limited, and which could consequently explain why comorbidity of depression and anxiety had a stronger impact than single conditions. It also reflects previous research from our group, showing that comorbid anxiety and depression was associated with higher levels of disability than having one condition alone. 4 Mechanisms between common mental disorders and mortality in later life have been largely attributed to cause-specific mortality of cardiovascular diseases, suicides, and death related to alcohol and substance use. 14, 15 Depression and anxiety can also act as risk factors for noncompliance with medical treatments, and this might increase risk of mortality. 33 These mechanisms may also play an important role in LMICs, where the burden of noncommunicable disease and mental disorders is predicted to increase due to population ageing, urbanisation, and changes in lifestyle. 34 In addition, stigma and misunderstanding of mental disorders have been recognised to be an important issue in LMICs and may affect help-seeking behaviour and lead to underdiagnosis of common mental disorders in later life. 19, 20 These societal factors might be barriers to health services and contribute to the heterogeneity of effect sizes found in different countries. 
